Yaba virus proteins were characterized by polyacrylamide gel electrophoresis. Electrophoresis of Yaba virion (proteins) dissociated by sodium dodecyl sulfate and 2-mercaptoethanol in continuous and discontinuous buffer systems yielded 37 polypeptide species by staining and by counting bands of radioactively labeled polypeptides. The molecular weights of the viral polypeptide species were found to range from 10,000 to 220,000 by comparing the relative distance of migration of viral proteins with proteins of known molecular weights. Two polypeptides were removed from purified virions by nonionic detergent nonidet P-40 treatment, and the amount of one polypeptide was reduced. Purified cores yielded 21 polypeptide species, none of which was labeled with radioactive glucosamine.
Yaba virus proteins were characterized by polyacrylamide gel electrophoresis. Electrophoresis of Yaba virion (proteins) dissociated by sodium dodecyl sulfate and 2-mercaptoethanol in continuous and discontinuous buffer systems yielded 37 polypeptide species by staining and by counting bands of radioactively labeled polypeptides. The molecular weights of the viral polypeptide species were found to range from 10,000 to 220,000 by comparing the relative distance of migration of viral proteins with proteins of known molecular weights. Two polypeptides were removed from purified virions by nonionic detergent nonidet P-40 treatment, and the amount of one polypeptide was reduced. Purified cores yielded 21 polypeptide species, none of which was labeled with radioactive glucosamine.
Antigenic analysis of Yaba virus using mechanical fractionation of tumor-extracted virions has been previously reported (9) . Analysis by polyacrylamide gel electrophoresis of a saline-soluble fraction after treatment with sodium dodecyl sulfate (SDS) resolved seven bands. Treatment of a saline-insoluble X-press fraction with SDS, urea, and 2-mercaptoethanol and subsequent analysis by gel electrophoresis resulted in five components being detectable (9) . Since this study dealt with the antigenic properties of the fractionated Yaba virions and not with the quantitation of Yaba structural polypeptides, further electrophoretic studies were indicated.
The purpose of the following investigation was to define the number of polypeptide species of the purified Yaba virion and to locate these polypeptides within the specific structures of the virion.
MATERIALS AND METHODS Cells and virus. A continuous-passage line of cynomolgus monkey kidney cells, Jinet (13) , were grown in roller-bottle cultures in minimal essential medium (MEM) (Flow Laboratories) containing 10% fetal bovine serum (FBS) . The confluent monolayers were infected with Yaba virus tissue culture fluid at a multiplicity of infection (MOI) of 1 to 10 mean tissue culture infective doses per cell, adsorption was terminated after 3 h at 37 C, and infection lasted 5 to 7 days before harvesting.
Radioactive labeling of Yaba proteins. Jinet monolayers in roller-bottle cultures were infected with Yaba virus tissue culture fluid at an MOI of 10 mean tissue culture infective doses per cell, as previously described. After the adsorption period, the Yaba virus-infected cultures were overlaid with MEM containing one-tenth the normal amount of amino acids and supplemented with 2% FBS. In addition, the medium contained either 14C-labeled Lamino acid mixture (0.1 ,uCi/ml) or 3H-labeled Lamino acid mixture (0.5 MCi/ml) for labeling polypeptides or 3H-labeled D-glucosamine (0.5 4Ci/ml) for labeling glycopolypeptides. Radioactive materials were purchased from New England Nuclear Corp. At 3 days postinfection, the labeling medium was replaced by fresh medium containing the same concentration of labeled amino acids or glucosamine as originally added. After 5 days of Yaba infection, the cultures were harvested by freezing and thawing and collecting the tissue culture fluid. The Yaba virions were then purified.
Purification of labeled and nonlabeled viral progeny. Yaba virus was purified from tissue culture fluid essentially by the method of Joklik (4) Solubilization and selective degradation of Yaba virus and isolation and solubilization of Yaba cores. Purified Yaba virions were solubilized by several methods. In method (i), the procedure of Holowczak and Joklik (3) was used to solubilize Yaba virions, except that instead of incubating the solubilization mixture at 37 C, the mixture was heated at 100 C for 2 to 3 min. The resulting polypeptides were subsequently applied to neutral SDS-urea gels. In method (ii) purified Yaba virions were sonically treated for 1 min and solubilized by the method of Laemmli (6) . The solubilization reaction was placed in boiling water for 3 min and then layered on a discontinuous pH gel as described by Laemmli (6) .
The treatment of purified Yaba particles with nonionic detergent Nonidet P-40 (NP-40) and dithiothreitol or NP-40 and 2-mercaptoethanol was used to degrade the particles to cores. This treatment of viral particles and subsequent purification steps (3) yielded cores free of contaminating material as discerned by electron microscopy (unpublished data). Specifically, the sonicated virus suspension was made 0.5% (final concentration) with NP-40 and incubated at 37 C for 2 h. After the first incubation period, the material was sonically treated for 15 s. The suspension was then made 0.1 M with dithiothreitol or 2-mercaptoethanol and again incubated at 37 C for 1 h. The suspension was sonically treated for 15 s, and the cores were purified as previously described (10) .
Polyacrylamide gel electrophoresis of viral polypeptides. The polypeptides of purified Yaba virions were analyzed by two methods of gel electrophoresis: neutral SDS-gel electrophoresis and SDS-disc gel electrophoresis. Neutral SDS gels, 18 cm in length and 0.6 cm in diameter, were made of 7.5% acrylamide and 0.2% NN'-bismethyleneacrylamide in 0.1 M phosphate buffer (pH 7.1) containing 0.1% SDS and 1.0 M urea. The gels were subjected to preelectrophoresis for 4 h at 5 mA/gel. The amount of viral polypeptides applied to a gel was between 150 and 200 ,ug. Gel electrophoresis was run at 5 mA/gel for approximately 16 h. After electrophoresis, the resolved polypeptides were detected by staining with Coomassie brilliant blue (2) .
The second method of electrophoresis employed SDS-disc gels as described by Laemmli (6) . The separating gel was either 7.5% or 10% acrylamide, and the stacking gel was 3% acrylamide.
Separating gels were approximately 7 or 14 cm in length and 0.6 cm in diameter; the longer gels were used solely for determination of radioactive polypeptide profiles. The radioactive profile of the polypeptides released from intact virions by the above-mentioned treatments and the polypeptides that remained associated with the subviral structures were determined by using 3H-amino acid-labeled polypeptides from Yaba virions as internal standards during gel electrophoresis. Usually 150 Mg of '4C-amino acid-labeled polypeptides were mixed with 100 Mug of 3H-amino acid-labeled polypeptides.
The gels were run at 2.5 mA/gel for approximately 4 to 6 h. Gels were stained with Coomassie J. VIROL. brilliant blue using methods previously described (2) . Gels that were analyzed for radioactivity were fixed in 25% methanol and 7% acetic acid and soaked in 1% glycerol for 30 min. The gels were then frozen (-60 C) and sliced into 1-mm sections. The fractions were dissolved with H202 and counted in Bray solution using a Packard Tri-Carb scintillation counter.
Molecular weight determination of viral polypeptides. Proteins of known molecular weight were solubilized as described by Shapiro et al. (11) and Weber and Osborn (14) , except that the protein samples were heated at 100 C for 2 min. Ribonuclease A, pepsin, trypsin, ovalbumin, and bovine serum albumin were used as the protein standards. Electrophoresis was run at 5 mA/gel until the bromophenol blue marker was 0.5 cm from the bottom of the gel.
RESULTS
Characterization of YVPs. Initially, purified Yaba virus was sonically treated and solubilized by method (i) as stated above. Polypeptide bands are stained to varying degrees with Coomassie brilliant blue and are visualized throughout the length of the gel (Fig. 1) . The numbering system of the polypeptide bands was derived from analysis of the Yaba virus polypeptides (YVPs) by disc gel electrophoresis (see Fig. 3 and 4) .
The major YVP is designated YVP-21 and is the darkest staining band. Other heavily stained bands are designated YVP-14, -15, and -16; YVP-18, -19, and -20; YVP-22; YVP-28, -29, and -30; YVP-33, -34, -35, and -36. In neutral SDS gels, the polypeptides in YVP-1 to -9 were poorly resolved and cannot be discerned in Fig. 1.
To obtained increased resolution, SDS-disc gel electrophoresis was employed (6) . An increased number of polypeptides are evident in 7-cm separating gel (Fig. 2) when compared with the neutral SDS gel (Fig. 1) . The region designated YVP-1 to -9 in Fig. 1 is resolved into light-staining bands by SDS-disc gel electrophoresis. Those polypeptide species at the lower portion of the gel in Fig. 1 and 2 , are diffuse, and SDS-disc gel electrophoresis does not greatly increase their resolution.
Longer separating gels were employed to better separate those bands that were not distinct and were not differentiated from neighboring bands. Disc gels were used with a 13.5-cm separating gel. Figure 3 shows a scan (562 nm) of the stained separating gels using the linear transport of a Gilford spectrophotometer. Thirty-seven stained bands are detected in these longer separating gels when compared with Fig. 1 (using 13.5-cm separating gels) obtained the best resolution of stained polypeptide bands, this method was employed for the elucidation of the radioactive profile of '4C-L-amino acids labeled YVPs. Figure 4a shows the profile of the radioactively labeled polypeptides. Thirtyseven peaks are evident, which corresponds to those bands detected by staining. The percentages of radioactivity were calculated for the polypeptide peaks and are listed in Table 1 .
The major peaks of radioactivity are YVP-21, YVP-33, YVP-34, YVP-36, and YVP-37. YVP-21 accounts for 24.3% of the total radioactivity and migrates one-half the length of the gel. The other major polypeptide peaks are located in the lower quarter of the gel. Molecular 13 .0-cm SDS-disc gels. The stained gels were scanned at 562 nm using a Gilford spectrophotometer.
were determined by previously described methods (10, 13). RNase A (13,700 daltons), trypsin (23,800), pepsin (35,000), ovalbumin (43,000), bovine serum albumin (68,000), and /3-galactosidase (130,000) were used as marker proteins on individual 7.5% neutral SDS gels. Stained gels of whole-virus polypeptides were compared with those of the marker polypeptides, and the relative migration of viral polypeptides was determined using the bromophenol blue marker as a reference line. The molecular weights of YVPs are shown in Table 1 . They range from 220,000 to less than 10,000. YVP-21, which is the major polypeptide, has a molecular weight between 72,000 and 76,000. This polypeptide migrated as a wide band, which did not appear as a more distinct band when lesser quantities (50 to 75 jig) of sample were applied to the gel.
The peak was located at a position corresponding to a molecular weight of 73,500. The molecular-weight range of this one polypeptide may indicate that it is actually a group of polypeptides closely related by their electrophoretic properties. The other major polypeptides, as mentioned previously, are of lower molecular weight than YVP-21 and appear as rapidly migrating polypeptides.
Polypeptides removed from Yaba virions by NP-40 and dithiothreitol or NP-40 and 2-mercaptoethanol treatment. Purified Yaba virus labeled with "4C-labeled amino acids was treated with NP-40 and dithiothreitol or NP-40 and 2-mercaptoethanol as described above. The treated virus mixture was centrifuged through 18% sucrose, and the pellet material was observed by electron microscopy (using uranyl acetate staining).
Core structures appeared free from adhering material in all preparations observed, and the NP-40 and dithiothreitol or NP-40 and 2-mercaptoethanol treatment was apparently effective in removing the polypeptides surrounding the cores.
The purified cores were treated with SDS and mercaptoethanol and heated. The "4C-amino acid-labeled polypeptide samples were mixed with solubilized 3H-amino acid-labeled YVPs.
The mixed samples were subjected to co-electrophoresis on 10% SDS-disc gels. Figure 4b is the radioactive profile of the polypeptides constituting core structures, as determined by comparing the "4C-amino acid profile with the 3H-amino acid profile of whole-virus polypeptides. The cores lack or have reduced quantities of 16 polypeptide species and are formed from the remaining 21 of the virion polypeptides. Table 1 lists those polypeptides either removed completely or partially removed from Yaba virions by the treatment and those constituting cores. labeled Yaba virus was solubilized as described, and the polypeptides were analyzed by gel electrophoresis in SDS-disc gels for 6 h at 2.5 mA/gel (a). Yaba virus cores were obtained from '4C-amino acid-labeled Yaba virus by treatment with NP-40 and dithiothreitol as described (b). The cores were centrifuged through an 18% sucrose cushion (9) and suspended in sample buffer. The cores were solubilized, and the polypeptides were subjected to electrophoresis in SDS-disc gels (b) as described for (a). After electrophoresis, the gels were fixed in 25% methanol-7% acetic acid, soaked in a glycerol solution, and frozen. The frozen gel was sliced into 1-mm sections and solubilized in vial with 0.2 ml of30% H202. Bray's scintillation (10 ml) was added to each vial, and the vials were counted in a Packard Tri-Carb scintillation counter. Since most of the previous reports on the s reduced in structural polypeptides of the poxvirus group have concentrated on vaccinia virus, a comparYaba poly-ative type analysis using another poxvirus is in abeled with order. A report comparing fowlpox and vaccinia rith SDS and virus polypeptides has been published (8) . The was mixed analysis of Yaba virus structural polypeptides peptides from was undertaken for additional comparisons be- . Purified Yaba virus was treated with NP-40 and purified using an 18%~sucrose cushion as described. The pellet material (a) was suspended in sample buffer, and the supernatant material (by remaining on top of the 18%c sucrose cushion was collected and dialyzed against 0.05 M Tris, pH 6.8. Both the pellet material and the supernatant material were solubilized with SDS and 2-mercaptoethanol and analyzed by gel electrophoresis as described in the legend to Fig. 4. tween the structural polypeptides of members of the poxvirus group.
Several similarities can be noted between the polypeptide composition of vaccinia virus and that of Yaba virus. Sarov and Joklik (10) reported that 30 vaccinia virus polypeptides can be resolved by polyacrylamide gel electrophoresis, and Obijeski and co-workers (8) [14C] glucosamine-labeled Yaba virus was mixed with 3H-amino acid-labeled Yaba virus, and the mixture was solubilized. The polypeptides were subjected to electrophoresis as described in the legend to Fig. 4. nia virus polypeptides is 250,000 to z=8,000 (10) , that offowipox virus is 132,000 to 10,000 (8) , and the range for Yaba virus is 220,000 to ;10,000.
Seventeen polypeptides were shown to form the core structure of vaccinia virus (10) , whereas 21 constitute the core of Yaba virus.
The many similarities between Yaba virus, fowipox virus, and vaccinia virus polypeptides are noteworthy. The fact that Yaba virus causes benign histiocytomas in susceptible hosts and vaccinia causes a lytic infection indicates that the differences between these two poxviruses need to be investigated.
